Abstract There is still an ongoing debate, especially regarding early diagnosis of acute appendicitis. Early surgery leads to inadequate evaluation of acute abdominal pain and negative appendectomy, whereas delayed surgery leads to appendicitis perforation complications. The diagnosis of this condition is considerably difficult, especially due to subtle early symptoms and clinical condition. The aim of the present study was to identify whether the Alvarado scoring system could reduce the incidence of negative appendectomy in patients who will undergo surgery for acute appendicitis. Patients who underwent surgery with acute appendicitis prediagnosis were retrospectively classified as negative appendectomies (group A) and positive appendectomies (group B) according to histological diagnosis. All groups were evaluated for age, gender, Alvarado scores, and parameters. Two hundred eighty-one patients were included in the study. Group A contained 71 (25.3 %) patients, and group B contained 210 (74.7 %) patients. There was a significant difference in WBC, left shift, rebound, and change of pain localization between the groups (p = 0.002, p < 0.001, p < 0.001, and p = 0.023, respectively). Alvarado scores were significantly different between the groups (p < 0.001). In logistic model examination, the major factor was the Alvarado score (7 or above) and the minor factor was spreading pain. The Alvarado scoring system can be used to reduce negative appendectomy in patients who will undergo surgery with acute appendicitis.
Background
Acute appendicitis is among the most common causes of acute abdominal pain which require surgery, and the probability of having this condition in lifetime is approximately 7 % [1] . There is still an ongoing debate, especially regarding early diagnosis of this disease. Early surgery leads to inadequate evaluation of acute abdominal pain and negative appendectomy, whereas delayed surgery leads to appendicitis perforation complications [2] . The diagnosis of this condition is considerably difficult, especially due to subtle early symptoms and clinical condition [3] . Negative appendectomy is observed in 15-30 % of cases, where a decision for surgery is made based on the clinical symptoms and findings [2, 4] . Delayed diagnosis leads to various complications, including perforation, periappendicular abscess, wound infection, and intraabdominal adhesion [5] . Different scoring systems are used for early diagnosis of acute appendicitis and its appropriate management. These systems are valuable and valid tools to distinguish between acute appendicitis and nonspecific abdominal pain [6] . The probability of appendicitis can be determined by using a scoring system, namely the Alvarado scoring system [7] . This system consists of the following parameters: right lower quadrant pain, rebound, change of pain localization, nausea and/or vomiting, loss of appetite, fever, leukocytosis, and left shift [2, 7] . More than two decades ago, this scoring system has been designed as a diagnostic tool; however, there is still an ongoing debate since its performance and routine use remain unclear [8] . In addition, the Alvarado scoring system was modified over time (over 9 points, without calculating the neutrophil count); however, studies were unable to prove the practicality of its clinical use compared to the normal Alvarado scoring system [9] . Furthermore, appendicitis inflammatory response (AIR) is an actual scoring system formed by the addition of new parameters and change of some current parameters of the Alvarado scoring system [10] . Although AIR is demonstrated as an effective method avoiding negative appendectomy [11, 12] , clinical studies about the effectiveness of AIR are in progress.
For the Alvarado scoring system, patient history and clinical examination serve as the basis in the classical approach; patients with a score between 1 and 4 may have no appendicitis and can be discharged, patients with a score between 5 and 6 may have appendicitis and can be monitored/hospitalized, and patients with a score between 7 and 10 may have appendicitis and surgical intervention is recommended [7] . The parameters for the Alvarado scoring system are presented in Table 1 .
Objectives
The present study aimed to investigate whether the Alvarado scoring system could reduce the incidence of negative appendectomy in patients who would undergo surgery with acute appendicitis diagnosis.
Patients and Methods
Preoperative data for patients who were operated with acute appendicitis prediagnosis were evaluated between September 2011 and January 2014 retrospectively. Patients who were 16 years old or older were included in the study, as our institution was for adults only. All fertile female patients were examined by a gynecologist in the preoperative period. Ultrasonography (US) was performed preoperatively in all patients. Alvarado scores were calculated for all patients. The decision for surgery was based on clinical symptoms and physical examination. US, laboratory findings, and Alvarado scoring system were used as supplementary means during the decisionmaking process for surgery. All specimens were evaluated histopathologically by an experienced pathologist. Patients were evaluated with respect to age, gender, Alvarado score, Alvarado parameters, and postoperative histopathology results.
Patients who underwent surgery with acute appendicitis prediagnosis were retrospectively classified as negative appendectomies (group A) or positive appendectomies (group B) according to histological diagnosis. Sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and diagnostic accuracy were calculated for Alvarado score.
Statistical Methods
Statistical Package for the Social Sciences (SPSS) 21.0 software was used for data analysis. Shapiro-Wilk test was used to determine whether the data showed normal distribution. Parametric tests were used for variables that were normally distributed, whereas nonparametric test were used for variables that were not normally distributed. Independent-samples t test and Mann-Whitney U (exact) tests were used to compare two independent groups. Pearson chi-square (exact) and linear-bylinear association (exact) tests were used to compare categorical variables, and Cohen's kappa coefficient was used to test inter-rater agreement. Logistic regression test was used to determine the cause-effect relationship with descriptive variables in diatom and multinomial categories. The sensitivity and the specificity of the association between the classification according to the cutoff value (calculated for the pathology result) and the actual classification were examined and expressed using receiver operating curve (ROC) sensitivity analysis. Quantitative variables were expressed as mean ± standard deviation (SD) and median ± interquartile range (IQR) within the tables. Categorical variables were expressed as the number (n) and percentages (%). Data were analyzed with 95 % CI, and p values <0.05 were considered as statistically significant.
Results
Two hundred eighty-one patients were included in the study. Ninety patients (32 %) were female, and 191 patients (68 %) were male. The average age of group A and group B was 29.2 and 31.7, respectively. The female/male ratio in group A and group B was 28:43 and 62:148, respectively. There is no difference between the groups in terms of age and gender (p value was 0.177 and 0.082, respectively). Group A (negative laparotomy) contained 71 (25.3 %) patients, and group B contained 210 (74.7 %) patients. The negative appendectomy rate in females and males was 31.1 and 22.5 %, respectively. There was a significant difference in WBC, left shift, rebound, and change of pain localization between the groups (p < 0.001, p < 0.001, p = 0.002, and p = 0.023, respectively) ( Table 2) . When the Alvarado score cutoff value was set as 7, the sensitivity was 75.2 %, the specificity was 76.1 %, and the AUC was 0.780 ± 0.031 (p < 0.001) ( Table 3 , Fig. 1 ). The diagnostic accuracy was 75.4 %. In logistic model examination, the major factor was the Alvarado score (7 or above) and the minor factor was spreading pain. The odds ratio of patients with an Alvarado score of 7 or above in group B was 4.716-fold higher compared to patients with an Alvarado score of 7 or above in group A (p < 0.001). The odds ratio of having spreading pain was 2.691-fold higher in patients in group B compared to group A (p = 0.044) ( Table 4 ). There was no significant difference in the median Alvarado score between females and males (p = 0.224).
Discussion
For the diagnosis of acute appendicitis, anamnesis, clinical examination, and laboratory findings can be AUC area under the ROC curve, SE standard error sufficient for cases with classical presentation. In atypical presentations, however, US, computer-assisted tomography, magnetic resonance imaging, scoring systems, and laparoscopy are supplementary methods for diagnosis [6] . The Alvarado scoring system was developed in 1986 by Alvarado [7] . Clinical symptoms, physical examination, and laboratory findings create the basis of this system. It is a highly sensitive scoring system in cases of diagnostic difficulty regarding acute appendicitis [2] . Different prospective studies have suggested that the Alvarado score on its own is insufficient as a diagnostic test [13, 14] . Memon et al. carried out a study of 110 patients and found that the Alvarado scoring system had a sensitivity of 93.5 %, specificity of 80.6 %, PPV of 92.3 %, NPV of 83.3 %, and diagnostic accuracy of 89.8 % [6] . In a similar study by Kirkil et al. [5] , the sensitivity, specificity, PPV, NPV, and diagnostic accuracy values were 95.5 %, 67.5 %, 77.8, 92.6, and 82.7 %, respectively. According to the review by Ohle et al. for a cutoff score of 7, the sensitivity and specificity of the Alvarado scoring system for all studies were 82 and 81 %, respectively [8] . In the present study, sensitivity, specificity, PPV, and NPV values were 75.2 %, 76.1 %, 90.2, and 50.9, respectively. The diagnostic accuracy was 75.4 %.
Abou et al. [15] carried out a study on pediatric patients and found a significant difference in certain Alvarado scoring parameters, including loss of appetite, rebound, and left shift. While sensitivity and specificity are comparably low in the present study, multivariate analysis showed that rebound, leukocytosis, change of pain localization, and left shift were significant for accurate diagnosis. In the present study, logistic model examination of these parameters showed that only an Alvarado score of 7 or above and spreading pain were significant. Some of the recent studies have shown that the Logistic regression (method = enter) CI confidence interval diagnostic value of the Alvarado scoring system is higher for a cutoff score of 8 or higher [16] . According to the literature, the incidence of negative appendectomy ranges between 11 and 40 % [16] [17] [18] . Some studies have indicated that the Alvarado scoring system can significantly reduce the incidence of negative appendectomy [19] . According to the study by Kanumba et al. [20] , the incidence of negative appendectomy was 33.1 %, which is also high like that of another study (28.7 %) [6] ; on the other hands, some authors have reported low negative appendectomy rates about 10 % [2] . The incidence of negative appendectomy in the present case (25.3 %) was consistent with that in the literature. The Alvarado score was 6 or lower in 76.1 % of these cases. While several studies have pointed out that the use of the Alvarado scoring system in females is limited [6, 8] . There was no significant difference in the present study.
Although the negative appendectomy rate of our study is compatible with that in the literature, it is high. Our study is a retrospective clinical study. The greater amount of our negative appendectomy cases is in <7 Alvarado scoring system group (76.1 %) ( Table 3) . If the Alvarado scoring system was taken into consideration with the other clinical findings, negative appendectomy rate of our cases would decrease, in the period of diagnosis.
Our study has several limitations. Firstly, our study is a retrospective clinical study. Further, operation decision of cases were made by several surgeons in one institution.
Conclusion
The Alvarado scoring system is an effective scoring system in reducing negative appendectomy rate and, especially for scores of 7 or above, indicates patients with appendicitis. A score below 7 means that the negative appendectomy could be reduced. In the diagnosis period, physicians would regard the Alvarado scoring system of the patient and the options of follow-up or additional imaging procedures would be evaluated in the Alvarado scoring system scores below 7, before the decision of surgery. However, the fact that very low negative predictive value can cause more serious problems in appendicitis cases is the cause of misdiagnosis and delay in treatment.
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